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We propose a renormalizable theory with minimal particle content and symmetries, that success-
fully explains the number of Standard Model (SM) fermion families, the SM fermion mass hierarchy,
the tiny values for the light active neutrino masses, the lepton and baryon asymmetry of the Uni-
verse, the dark matter relic density as well as the muon and electron anomalous magnetic moments.
In the proposed model, the top quark and the exotic fermions do acquire tree-level masses whereas
the SM charged fermions lighter than the top quark gain one-loop level masses. Besides that, the
tiny masses for the light active neutrino are generated from an inverse seesaw mechanism at one-loop
level.
DOI:10.1103/PhysRevD.102.055002
Despite the considerable experimental success of the
Standard Model (SM), it leaves many unanswered ques-
tions such the origin of the observed SM fermion mass
hierarchy, the number of SM fermion families, the tiny
values of the light active neutrino masses, the nature
of the dark matter (DM), the electric charge quan-
tization, the lepton and baryon asymmetries of the
Universe and the anomalous magnetic moments of the
muon and electron. To address these issues, we pro-
pose a minimal renormalizable theory with the extended
SU(3)C × SU(3)L × U(1)X gauge symmetry, which is
supplemented by the U(1)Lg lepton number symmetry
and the Z4 discrete group. Its scalar and fermionic
spectrum with their assignments under the symmetries
of the model are shown in Tables I and II, respec-
tively. The above gauge symmetry is crucial for explain-
ing the number of SM fermion families since to fulfill
the anomaly cancellation conditions, the number of left-
handed SU(3)L fermion triplets has to be equal to the
number of SU(3)L fermion antitriplets, which only hap-
pens when the number of fermion generations is a mul-
tiple of three. Additionally, the charge quantization in
theories with SU(3)C × SU(3)L × U(1)X gauge symme-
try is explained thanks to the anomaly cancellation as
shown for the first time in [1]. The U(1)Lg lepton number
symmetry is spontaneously broken down to the residual
Z
(Lg)
2 lepton number symmetry, under which only lep-
tons are charged, thus forbidding proton decay [2]. In
this model, the lepton number is defined as:
L =
4√
3
T8 + Lg, (1)
where Lg is a conserved charge associated with the
U(1)Lg global lepton number symmetry. Furthermore,
the Z4 discrete group is spontaneously broken down to
the preserved Z2 symmetry, which allows stable DM can-
didates that trigger a one-loop level radiative inverse see-
saw mechanism for the generation of the light active neu-
trino masses. Such DM candidates also mediate the one-
loop level radiative seesaw mechanism that produces the
SM charged lepton masses.
χ ρ φ σ ϕ % η S ζ±1 ζ
±
2
SU(3)C 1 1 1 1 1 1 1 1 1 1
SU(3)L 3 3 3 1 1 1 1 1 1 1
U(1)X − 13 23 23 0 0 0 0 0 ±1 ±1
U(1)Lg
4
3
− 2
3
− 2
3
0 2 0 2 4 0 0
Z4 1 1 i −1 −1 −i −i −1 −1 −i
Table I. Scalar assignments under SU(3)C × SU(3)L ×
×U(1)X × U(1)Lg × Z4.
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2Q1L Q2L Q3L uiR diR J1R J2R J3R TkL TkR T2L T2R B1L B1R B2L B2R LiL liR EiL EiR NiR ΩnR
SU(3)C 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1 1 1 1 1
SU(3)L 3 3 3 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1
U(1)X
1
3
0 0 2
3
− 1
3
2
3
− 1
3
− 1
3
2
3
2
3
2
3
2
3
− 1
3
− 1
3
− 1
3
− 1
3
− 1
3
−1 −1 −1 0 0
U(1)Lg − 23 23 23 0 0 −2 2 2 0 0 0 0 0 0 0 0 13 1 1 1 −1 −1
Z4 −1 −1 1 1 1 −1 −1 1 −1 1 −i −i 1 −1 i i 1 −1 i −i 1 i
Table II. Fermion assignments under SU(3)C × SU(3)L ×
U(1)X × U(1)Lg × Z4. Here n = 1, 2, k = 1, 3 and i = 1, 2, 3.
Notice that there are six SU(3)L fermionic triplets (three
from Q1L and three from LiL) and six SU(3)L fermionic an-
titriplets, i.e., QnL (n = 1, 2). In this counting the color
quantum numbers are taken into account.
Notice, as follows from Table I that the electrically
neutral gauge singlet scalars η and % as well as the
neutral components of the φ scalar triplet are scalar
DM candidates since their Z4 charge corresponds to a
nontrivial charge under the preserved Z2 symmetry. In
addition, from the fermionic assignments shown in Table
II, it follows that ΩnR (n = 1, 2) are fermionic DM can-
didates. The one-loop Feynman diagram contributing to
the µ parameter of the inverse seesaw is shown in fig. 1.
Besides that, it is worth mentioning that the Z4 discrete
group allows preventing a tree-level charm quark mass,
which in the model only appears at one-loop level. On
the other hand, the appearance of tree-level up quark
and SM down type quark masses is prevented due to
the U(1)X assignments of the particle spectrum. Such
masses are only generated at the one-loop level. The
one-loop Feynman diagrams contributing to the entries
of the SM charged fermion mass matrices are shown
in fig.2. Notice that the electrically charged scalars
together with heavy vectorlike up (down) type quarks
mediate one-loop level radiative seesaw mechanisms
that produce the masses for the down, strange and
bottom quarks (up and charm quarks). It is worth
mentioning that the set of heavy vectorlike quarks Ti
(i = 1, 2, 3), Bn (n = 1, 2) is the minimum amount of
exotic quarks needed to provide one-loop level masses
for the SM quarks lighter than the top quark. In the
case of minimal scalar content, one seesaw fermionic
mediator is needed to provide one-loop level masses
for each light SM fermions. Because of this reason,
three vectors like-charged exotic leptons Ei (i = 1, 2, 3)
are needed to provide one-loop level masses for the
SM charged leptons. Having several fermionic seesaw
mediators lower than the number of SM fermions lighter
than the top quark will yield a proportionality between
rows and (or) columns of the SM fermion mass matrices
yielding a vanishing determinant.
Furthermore, the SU(3)L × U(1)X gauge symmetry is
also spontaneously broken down to the SU(2)L × U(1)Y
symmetry, at the scale to the Λint > O(10) TeV, by the
vacuum expectation value (VEV) of the third component
of the SU(3)L scalar triplet χ.
3We consider Λint > O(10) TeV to comply with
collider [3] and flavor constraints [4–8]. The breaking
of the SU(2)L × U(1)Y symmetry is triggered by the
VEV of the second component of the SU(3)L scalar
triplet ρ, whose CP even neutral component corresponds
to the 126 GeV SM like Higgs boson. Consequently,
the spontaneous symmetry breaking chain proceeds as
follows:
G = SU(3)C × SU(3)L × U(1)X × U(1)Lg × Z4 Λint−−−→
SU(3)C × SU(2)L × U(1)Y × Z(Lg)2 × Z2
vρ−→
SU(3)C × U(1)Q × Z(Lg)2 × Z2. (2)
The SU(3)L scalar triplets of this model are represented
as:
χ =
 χ01χ−2
1√
2
(vχ + ξχ ± iζχ)
 , (3)
φ =
 φ
+
1
1√
2
(ξφ ± iζφ)
φ+3
 , ρ =
 ρ
+
1
1√
2
(vρ + ξρ ± iζρ)
ρ+3
 .
whereas the SU(3)L fermionic triplets and antitriplets
take the form:
Q1L = (u1, d1, J1, )
T
L , QnL = (dn,−un, Jn)TL ,
LiL = (νi, li, ν
c
i )
T
L , n = 2, 3, i = 1, 2, 3. (4)
where the first two components of the SU(3)L fermionic
triplets and antitriplets correspond to the left-handed SM
fermionic fields.
With the particle spectrum and symmetries specified in
Tables I and II, we find that the relevant quark and lepton
Yukawa interactions crucial to generate the observed SM
fermion mass and mixing pattern, are described by the
terms:
−L(q)Y = y(J)1 Q1LχJ1R +
3∑
n=2
y(J)n QnLχ
∗JnR +mTT 2LT2R
+
∑
k=1,3
(
y
(T )
k T kLσTkR + x
(J)
k T kLϕJ1R
)
+yBB1LσB1R +mBB2LB2R + xJB1Lϕ
∗J2R
+
3∑
i=1
y
(u)
i Q3Lρ
∗uiR + x
(T )
2 Q2Lφ
∗T2R
+
∑
k=1,3
(
x
(T )
k Q3Lρ
∗TkR +
3∑
i=1
x
(d)
ki T kLζ
+
1 diR
)
+
3∑
i=1
x
(d)
2i T 2Lζ
+
2 diR + xBQ1LφB2R
+
2∑
n=1
3∑
i=1
z
(u)
ni BnLζ
−
n uiR +H.c, (5)
−L(l)Y =
3∑
i,j=1
[
y
(N)
ij LiLχNjR + x
(L)
ij εabcL
a
iL
(
LCjL
)b
(ρ∗)c
]
+
2∑
n=1
(
2∑
m=1
y(Ω)nmΩnRΩ
C
mRϕ+
3∑
i=1
x
(N)
in NiRΩ
C
nRη
)
+
3∑
i,j=1
(
x
(E)
ij LiLφEjR + z
(l)
ij EiL%ljR
)
+
3∑
i=1
(mE)iEiLEiR +H.c. (6)
After the model symmetries are spontaneously broken,
the above Yukawa interactions generate the one-loop level
entries for the SM charged fermion mass matrices, as in-
dicated by the Feynman diagrams of figure 2. In the SM
quark sector, only the third row of the SM up type quark
mass matrix is generated at tree level from the first term
of the fourth line of Eq. (5). Such a third row is associ-
ated with the top quark mass which arises at tree level in
the model. Furthermore, note that the terms between the
first and third lines of Eq. (5) give rise to tree-level exotic
quark masses. In addition, from the lepton Yukawa inter-
actions of (6), it follows that the charged exotic leptons
Ei (i = 1, 2, 3) (which are assumed to be physical fields)
and the right-handed Majorana neutrinos ΩnR (n = 1, 2)
get tree-level masses at the scales mE and vϕ, respec-
tively, whereas the SM charged leptons masses as well as
the mass terms for the gauge singlet neutral leptons NiR
(i = 1, 2, 3) appear at one-loop level. Furthermore, from
the quark Yukawa interactions, it follows that the exotic
quarks Ji (i = 1, 2, 3), T2, B2 and B1, Tk (k = 1, 3) do ac-
quire tree-level masses at the scales vχ, mT , mB and vσ,
respectively. Given that we are considering such scales
4×vS
Ni NjΩn Ωm
Re η, Im η Re η, Im η
×
vϕ
Figure 1. One-loop Feynman diagram contributing to the
Majorana neutrino mass submatrix µ. Here, n = 1, 2, i, j =
1, 2, 3.
to fulfill Λint > O(10) TeV, the exotic quark masses are
larger than their LHC mass limit of 1.3 TeV [9], for ex-
otic Yukawa couplings of order unity. In addition, from
the one loop Feynman diagrams of figure 2, we find that
the SM quark mass matrices take the form:
MU =
 ε
(u)
11 ε
(u)
12 ε
(u)
13
ε
(u)
21 ε
(u)
22 ε
(u)
23
y
(u)
1 y
(u)
2 y
(u)
3
 v√
2
, i = 1, 2, 3,
ε
(u)
1i =
1
16pi2
λφ†χϕ∗ζ+2
xBz
(u)
2i vχvϕ
mB2v
C0
(mφ+1
mB2
,
mζ−2
mB2
)
=
1
16pi2
xBz
(u)
2i A1
mB2
C0
(mφ+1
mB2
,
mζ−2
mB2
)
ε
(u)
2i =
1
16pi2
λρ†χϕ∗ζ+1
y
(J)
2 z
(u)
1i vϕ
mJ2B1
C0
( mχ+2
mJ2B1
,
mζ−1
mJ2B1
)
,
=
1
16pi2
y
(J)
2 z
(u)
1i A2
mJ2B1
C0
( mχ+2
mJ2B1
,
mζ−1
mJ2B1
)
(7)
u¯2L ujRJ2R B¯1L
×
vϕ
χ+2 ζ
−
1
×vρ× vϕ
u¯1L ujRB2R B¯2L
×
φ+1 ζ
−
2
×vχ× vϕ
d¯3L djRTkR T¯kL
×
vσ
ρ−1 ζ
+
1
×vχ× vϕ
d¯2L djRT2R T¯2L
×
φ−1 ζ
+
2
×vχ× vϕ
d¯1L djRJ1R T¯kL
×
vϕ
χ−2 ζ
+
1
×vρ× vϕ
l¯iL ljRErR E¯sL
×
ξφ, ζφ Re̺, Im̺
×vρ
Figure 2. One-loop Feynman diagrams contributing to the
entries of the SM charged fermion mass matrices. Here, n =
1, 2, k = 1, 3 and i, j, r, s = 1, 2, 3.
5MD =
 ε
(d)
11 ε
(d)
12 ε
(d)
13
ε
(d)
21 ε
(d)
22 ε
(d)
23
ε
(d)
31 ε
(d)
32 ε
(d)
33
 v√
2
, i = 1, 2, 3,
ε
(d)
1i =
1
16pi2
∑
k=1,3
λρχ†ϕζ−1
y
(J)
1 x
(d)
ki vϕ
mJ1Tk
C0
( mχ−2
mJ1Tk
,
mζ+1
mJ1Tk
)
,
=
∑
k=1,3
y
(J)
1 x
(d)
ki A2
16pi2mJ1Tk
C0
( mχ−2
mJ1Tk
,
mζ+1
mJ1Tk
)
ε
(d)
2i =
1
16pi2
λφχ†ϕζ−2
x
(T )
2 x
(d)
2i vχvϕ
mT2v
C0
(mφ−1
mT2
,
mζ+2
mT2
)
,
=
x
(T )
2 x
(d)
2i A1
16pi2mT2
C0
(mφ−1
mT2
,
mζ+2
mT2
)
ε
(d)
3i =
1
16pi2
∑
k=1,3
λ
ρχ
†
ϕζ−2
x
(T )
k x
(d)
ki vχvϕ
mTkv
C0
(mρ−1
mTk
,
mζ+1
mTk
)
=
∑
k=1,3
x
(T )
k x
(d)
ki A3
16pi2mTk
C0
(mρ−1
mTk
,
mζ+1
mTk
)
(8)
where the following loop function has been introduced
[10]:
C0 (m̂1, m̂2) =
m̂21m̂
2
2 ln
(
m̂21
m̂22
)
− m̂21 ln m̂21 + m̂22 ln m̂22
(1− m̂21) (1− m̂22) (m̂21 − m̂22)
.
(9)
The experimental values of the SM quark masses and
CKM parameters [11–13]:
mu(MeV ) = 1.45
+0.56
−0.45, md(MeV ) = 2.9
+0.5
−0.4,
ms(MeV ) = 57.7
+16.8
−15.7, mc(MeV ) = 635± 86,
mt(GeV ) = 172.1± 0.6± 0.9, mb(GeV ) = 2.82+0.09−0.04,
sin θ12 = 0.2254, sin θ23 = 0.0414, sin θ13 = 0.00355,
J = 2.96+0.20−0.16 × 10−5, (10)
can be well reproduced for the following benchmark
point:
z
(u)
11 ' 0.1, z(u)12 ' 2.39, z(u)13 ' 0.1,
z
(u)
21 ' 0.44, z(u)22 ' 0.1, z(u)23 ' 0.1,
x
(d)
11 ' 0.69 + 1.53i, x(d)12 ' 0.025− 0.86i,
x
(d)
21 ' −1.12− 3.46i, x(d)22 ' 0.18 + 3.53i,
x
(d)
23 ' 2.25− 0.59i, y(u)1 ' −0.65, x(d)13 ' 0.85
x
(d)
31 ' −1.74− 3.49i, x(d)32 ' 0.08 + 3.43i,
x
(T )
1 ' 0.95, x(T )2 ' −1.3, x(T )3 ' 1.25,
y
(J)
1 ' 0.12, y(J)2 ' 1.54, xB ' 0.57 (11)
A2 ' 1.9TeV, A3 ' 4TeV, mB2 ' 7.7TeV,
mJ2B1 ' 7.7TeV, mT1 ' 26TeV, mT2 ' 6TeV,
mJT1 ' 928GeV, mJT3 ' 500GeV,
mρ±1
' 100GeV, x(d)33 ' 0.51, y(u)3 ' −0.44,
mζ±1
' 5TeV, mζ±2 ' 2.7TeV, mχ±2 ' 5TeV,
mφ±1
' 5.5TeV, mT3 ' 32TeV, y(u)2 ' −0.61.
Note that we use the experimental values of the quark
masses at the MZ scale, from Ref. [12], which are similar
to those in [11]. The experimental values of the CKM
parameters are taken from Ref. [13]. Furthermore, from
the neutrino Yukawa interactions of Eq. (6) we get the
following neutrino mass terms:
− L(ν)mass =
1
2
(
νCL νR NR
)
Mν
 νLνCR
NCR
+H.c, (12)
where the full neutrino mass matrix is given by:
Mν =

03×3
vρ
2
√
2
z(L) 03×3
vρ
2
√
2
(
z(L)
)T
03×3
vχ√
2
y(N)
03×3
vχ√
2
(
y(N)
)T
µ
 , (13)
with
z(L) =
(
x(L)
)†
−
(
x(L)
)∗
,
and the entries of the submatrix, which are generated
at one-loop level from the Feynman diagram of figure 1,
take the form [14]:
µij =
2∑
n=1
x
(N)
in x
(N)
jn (mΩ)nm
16pi2
×[
m2ηR
m2ηR − (mΩ)
2
nm
ln
(
m2ηR
(mΩ)
2
nm
)
− m
2
ηI
m2ηI − (mΩ)
2
nm
ln
(
m2ηI
(mΩ)
2
nm
)]
, (14)
6where i, j = 1, 2, 3, (mΩ)nm = y
(Ω)
nmvϕ (n,m = 1, 2),
mηR = mReη, mηI = mImη.
We would like to note that the neutrinos νaL, νaR carry
the lepton number one unit and the fields NaR have an
opposite lepton number with respect to that of neutrinos.
The Majorana mass term of NaR, µ-parameter, does not
conserve the lepton number. The smallness of µ can be
naturally realized via a radiative correction given in (14).
For another one-loop level realization of the inverse see-
saw mechanism see for instance [15].
Diagonalization of the neutrino mass matrix (13) for
µ,
vρ
2
√
2
z(L)  vχ√
2
y(N) leads to the physical neutrino mass
matrices as follows
M (1)ν '
(
vρ
vχ
)2
z(L)
((
y(N)
)T)−1
µ
(
y(N)
)−1 (
z(L)
)T
,
M (2)ν '
vχ
2
√
2
(
y(N) +
(
y(N)
)T)
− 1
2
µ,
M (3)ν '
vχ
2
√
2
(
y(N) +
(
y(N)
)T)
+
1
2
µ, (15)
where M
(1)
ν corresponds to the mass matrix for light
active neutrinos (νa), whereas M
(2)
ν and M
(3)
ν are the
mass matrices for sterile neutrinos (N−a , N
+
a ) which
are superpositions of mostly νaR and NaR as N
±
a ∼
1√
2
(νaR ∓NaR). In the limit µ → 0, which corresponds
to unbroken lepton number, we recover the massless neu-
trinos of the SM. Due to the smallness of the µ- param-
eter, the mass splitting of three pairs of sterile neutri-
nos becomes small, thus implying that the sterile neutri-
nos form pseudo-Dirac pairs and the light active neutrino
mass scale resulting from the inverse seesaw mechanism
takes the form: [16]
(
M
(1)
ν
0.1 eV
)
=
 vρ2√2z(N)L
100 GeV
2 ( µ
1 keV
)( M (2,3)ν
104 GeV
)−2
.(16)
Considering the neutrino Yukawa couplings, x(N), of or-
der unity, assuming for simplicity degenerate Majorana
neutrinos ΩnR (n = 1, 2) with a common mass of 20 TeV,
mηR = 400 GeV, with the splitting mηR − mηI ' 0.63
MeV, one sees that µ ' 1keV. Thus, the light neutrino
mass can be 0.1eV if heavy neutrino mass scale is a few
ten TeV or less and the Dirac neutrino mass is order
of 100GeV. This means that this model can account for
the smallness of the light active neutrino masses and sev-
eral singlet pseudo-Dirac fermions have O(1) TeV masses.
As mentioned above, the pseudo-Dirac fermions are de-
generate in mass and thus they allow the implementa-
tion of the resonant leptogenesis mechanism crucial to
generate the baryon asymmetry of the universe (BAU)
[17]. In the inverse seesaw mechanism, the smallness of
the µ-parameter can naturally suppress the washout of
pre-existing baryon asymmetry [18, 19]. However, to ex-
plain the smallness of the µ-parameter, the model intro-
duces exotic fermions and scalar fields. They create new
washout processes as
lH+→ NaRνaR → ηΩaR, (EjR, φ+3 ),
lH+→ NaR → χ01ν¯a, (17)
whereH± ∼ ρ±1 cosα+χ±2 sinα. In the case, the baryoge-
nesis temperature (TBG) higher than the inverse seesaw
scale ΛISS , the washout processes can only be avoided
if the Yukawa couplings related to the processes given
in Eq.(17) must be too tiny. So the radiative inverse
seesaw mechanism is insignificant. The singlets ΩaR gen-
erate the small lepton number violation µ-parameter via
one-loop correction (see Eq.(14)), the baryogenesis oc-
curs before electroweak symmetry breaking. In the case
ΛEM < TBG < ΛISS , if at least one particle has a mass
lower than the value of the baryogenesis temperature,
the washout process can be suppressed [20]. We as-
sume that y(N) and x(N) are diagonal matrices and that
there is an inverse hierarchical structure between them as
y
(N)
33  y(N)22 , y(N)11 . This choice allows us to successfully
accommodate the experimental value of the electron and
muon anomalous magnetic moments as indicated by Eq.
(33). Therefore only the third generation of N±a can give
the contribution to the BAU. We also assume that the
masses of EaR,ΩaR fields are larger than the masses of
the lightest pseudo-Dirac fermions N±3 ≡ N±, the lepton
asymmetry parameter, which is induced by decay process
of N±, has the following form [21, 22]
±=
∑3
α=1
{
Γ(N± → lαH+)− Γ(N± → l¯αH−)
}∑3
α=1
{
Γ(N± → lαH+) + Γ(N± → l¯αH−)
}
' Im
(
h†νhNh
†
νhN
)
33
8piA±
r
r2 +
Γ2∓
m2
N∓
, (18)
where we have defined hν = −y(N) sinα +
z(L) cosα, hN = y
(N) sinα+ z(L) cosα , and
r ≡ m
2
N+ −m2N−
mN+mN−
' 2µvχ
2
√
2
(yN + (yN )T )
, (19)
A− = (h
†
NhN )33, A+ = (h
†
νhν)33, Γ± =
A±mN±1
8pi
.
If one neglects the interference terms involving the two
different sterile neutrinos N±, the washout parameter
KN+ +KN− is huge as mentioned in [23]. However, the
small mass splitting between the pseudo-Dirac neutrinos
leads to a destructive interference in the scattering pro-
cess [18]. The washout parameter including the interfer-
ence term is given as follows
Keff ' (KN+ +KN−) δ2, (20)
7with δ =
mN+−mN−
ΓN±
,KN± =
Γ±
H and H(T ) =√
4pi3g∗
45
T 2
MP
, where g∗ = 118 is the number of effective
relativistic degrees of freedom and MPl = 1.2× 109 GeV
is the Planck constant. In order to estimate the effective
washout parameter, we use the extended Casas-Ibarra
parametrization for the case of the inverse seesaw mech-
anism [23]
z(L) =
2vχ
vρ
(
UPMNSM
1
2
ν Rµ
−1
2 y(N)
)
, (21)
where, UPMNS is the Pontecorvo-Maki-Nakagawa-
Sakata (PMNS) leptonic mixing mass matrix, whose
Standard parametrization is given by: c12c13 s12c13 s13e−iδ−s12c23 − c12s23s13eiδ c12c23 − s12s23s13e−iδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13

(22)
with cij = cos θij , sij = sin θij . Notice that, for the sake
of simplicity, we dropped the Majorana phases in Eq.
(22).
For normal ordering, the current best fit values for θij
and the CP violating phase are determined by [24]
s212
10−1
= 3.20+0.20−0.16,
s223
10−1
= 5.47+0.20−0.30,
s213
10−2
= 2.160+0.083−0.069;
δ
pi
= 1.21+0.21−0.15.
Furthermore, Mν = diag(mν1 ,mν2 ,mν3), being mνi
(i = 1, 2, 3) the light active neutrino masses. The Dirac
neutrino mass matrix is antisymmetric, thus implying
that one light active neutrino is massless. Then, the light
active neutrino masses for the case of normal hierarchy
are given by:
m1 = 0, m2 =
√
|∆m221|, m3 =
√
|∆m231|, (23)
where the neutrino mass squared differences have the fol-
lowing experimental values [24]:
∆m221[10
−5eV 2] = 7.55+0.20−0.16,
∆m231[10
−3eV 2] = 2.50± 0.03.
Besides that R is a complex orthogonal matrix which can
be parametrized by
R =
 cycz −sxczsy − cxsz sxsz − cxsyczcysz cxcz − sxsysz −czsx − cxsysz
sy sxcy cxcy
 , (24)
where cx = cosx, sx = sinx and so on, being x, y, z ∈
C. For simplicity, we assume x = y = z = θ =
R[θ] + iI[θ] and we work on the basis where y(N) =
Α=Π/2
Α=Π Α=Π/3
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Figure 3. Effective washout parameter as a function of I[θ]
for different values of α.
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Figure 4. Baryon asymmetry as a function of I[θ] for fixing
the mixing angle α in the strong washout region.
Diag(y
(N)
1 , y
(N)
2 , y
(N)
3 ) is a diagonal matrix. In the
Fig.(3), we plot the washout parameter as a function of
I[θ] for µ = 1keV, vχ = 105GeV, vρ = 246GeV , and
R[θ] = 1.2pi, y(N)11 ' 0.9, y(N)22 ' 0.5i and y(N)3 = 0.01.
The washout parameter depends on the imaginary part of
complex angle θ and the mixing angle α (see in Fig.(3)).
For α = pi2 , we predict an extremely high value of the
washout parameter: Keff ' 103.
For α 6= pi2 , the model predicts both weak and strong
washout regions. Especially, the θ angle is real, the
washout parameter is larger than unit for any value of
α. In the weak and strong washout region, the baryon
asymmetry is related to the lepton asymmetry [22] as
follows
ηb=
nB
s
= −28
79
±
g∗
, for Keff  1, (25)
ηb=
nB
s
= −28
79
0.3±
g∗Keff (lnKeff )0.6
, for Keff  1,
Fig.(4) shows the baryon asymmetry ηb as a function of
I[θ] for the difference choice α in the strong washout
region. The amount of baryon asymmetry can reach its
experimental value ηB = 6.2 × 10−10. The value of I[θ]
8that allows solving the baryon asymmetry depends on
the value of the mixing angle α. From results shown in
the Figs. (4), we can realize:
• The amount of baryon asymmetry strongly depends
on the mixing angle α.
• If θ is a real number, the predicted results are con-
sistent with the results given in [23].
As α approaches pi2 , one gets into the strong washout
regime, the amount of baryon asymmetry suppressed.
Fig. (5) displays the amount of baryon asymmetry in
the weak washout region via using a logarithmic scale
for numerical data over a range of α value. At α = pi2
or α = 3pi2 , the curves are pulled because the suppression
of the lepton asymmetry parameter. From the results
shown in Fig. (5), one can find values of I[θ] and α that
allows creating a sufficient amount of baryon asymmetry
consistent with its experimental value.
Á[Θ]=-2.5
Á[Θ]=-4
Á[Θ]=-6
0.0 0.5 1.0 1.5 2.0 2.5 3.0
10-18
10-15
10-12
10-9
Α - Π
2
Η b
Figure 5. Baryon asymmetry as a function of the mixing angle
α in the weak washout region
On the other hand, given that we are considering the
exotic charged leptons E1, E2 and E3 as physical fields,
the SM charged lepton mass matrix is diagonal and the
lepton mixings only arise from the neutrino sector. Con-
sequently, to reproduce the experimental values of the
neutrino mass squared splittings, leptonic mixing angles,
and the leptonic Dirac CP-violating phase, for the sce-
nario of normal neutrino mass hierarchy, we obtain the
following numerical solution for the light active neutrino
mass matrix:
M (1)ν =
 0.00298903 − 0.00104607i −0.00131313 + 0.00347814i −0.00661584 + 0.00316521i−0.00131313 + 0.00347814i 0.0299126 + 0.000395314i 0.0213737 − 5.363173174949189× 10−6i
−0.00661584 + 0.00316521i 0.0213737 − 5.363173174949189× 10−6i 0.0249309 − 0.000337142i
 eV
(26)
It is worth mentioning that such light active neutrino
mass matrix generated from the one-loop level inverse
seesaw mechanism allows to generate enough baryon
asymmetry. Furthermore, from the light active neutrino
mass matrix given above, we obtain that the effective
Majorana neutrino mass parameter of neutrinoless dou-
ble beta decay takes the value of around 3.2 meV, which
is beyond the reach of the present and forthcoming 0νββ-
decay experiments.
It is worth mentioning that the chosen benchmark of di-
agonal SM charged lepton mass matrix as well as diago-
nal y(N) matrix allows to have very suppressed charged
lepton flavor violating (CLFV) processes. Note that the
CLFV process µ → eγ receives one loop-level contribu-
tions arising from vertex diagrams involving the exchange
of heavy W ′ and the heavy sterile neutrinos. Given that
we are considering the case of diagonal y(N) matrix, the
off-diagonal entries of the sterile neutrino mass matrices
will be very small compared with the diagonal ones, as
follows from Eq. (15), thus implying that the µ→ eγ will
be suppressed by the square of the off-diagonal entries of
the sterile neutrino mass matrices. Thus, our model ful-
fill the constraints arising from CLFV processes.
On the other hand, as previously mentioned, the model
9has several DM candidates. Here we assume that the
lightest of them is the gauge singlet scalar ηI . Such
singlet scalar dark matter candidate ηI mainly annihi-
lates into WW , ZZ, tt, bb and HH via the Higgs por-
tal quartic scalar interaction H2η2I that arises from the
ληρηη
†ρρ† term of the scalar potential. We have numeri-
cally checked that in order to successfully reproduce the
experimental value, Ωh2 = 0.1198 ± 0.0026 [25], of the
relic density, the mass mηI of the scalar field ηI has
to be in the range 400 GeV . mηI . 800 GeV, for a
quartic scalar coupling ληρ in the range 1 . ληρ . 1.5.
Notice that we have taken mηI ' mηR = 400 GeV,
which corresponds to the lower bound for the mass of
the singlet scalar DM candidate, as shown in Ref [26],
where the scalar DM candidate is also a gauge singlet
as in our model. This bound is consistent with the cur-
rent constraints arising from LUX and PandaX-II exper-
iments [27, 28]. In what concerns DM-direct-detection
prospects, the scalar DM candidate would scatter off a
nuclear target in a detector via Higgs boson exchange
in the t-channel, thus yielding a constraint on the cou-
pling of the
(
ρ†ρ
)
ηIηI interaction. The corresponding
scattering cross section takes the form [29]:
σDM−p,n ' 5× 10−44λ2ηρ
(
1TeV
mDM
)2
cm2 (27)
Using the experimental value of the dark matter relic
density, we find that the scattering cross section is pre-
dicted around 7× 10−45cm2, which is consistent with di-
rect detection limits from the LUX [30] and XENON1T
[31] experiments. In addition, note that the Yukawa
terms x
(E)
n LnLφEnR and z
(l)
n EnL%lnR (n = 1, 2), as well
as the trilinear scalar interaction Aρφ†%∗, will give rise
to one-loop level contributions to the muon and elec-
tron anomalous magnetic moments. Such one-loop level
contributions to the (ge,µ − 2) will involve the exchange
of CP-even and CP-odd scalars as well as of the heavy
charged exotic leptons En (n = 1, 2) running in the inter-
nal lines of the triangular loops. Besides that, the muon
and electron anomalous magnetic moments also receive
one loop-level contributions arising from vertex diagrams
involving the exchange of the electrically charged scalar
χ+2 , which couples to the right-handed Majorana neu-
trinos NsR (s = 1 for electron and s = 2 for muon).
Then, the electron and muon anomalous magnetic mo-
ments take the form:
∆ae,µ =
y21,2m
2
e,µ
8pi2
[
I
(1,2)
S
(
mE1,2 ,mH1
)− I(1,2)S (mE1,2 ,mH2)
+ I
(1,2)
P
(
mE1,2 ,mA1
)− I(1,2)P (mE1,2 ,mA2)] sin θ cos θ
−
(
y
(N)
11,22
)2
m2e,µ
8pi2m2
χ±2
J
(
mµ11,22
me,µ
,
mµ11,22
mχ±2
)
, (28)
where H1 = cos θS Re %+ sin θSξφ, H2 = − sin θS Re %+
cos θSξφ, A1 = cos θP Im % + sin θP ξφ, A2 =
− sin θP Im % + cos θP ζφ and for the sake of simplicity
we have set x
(E)
n = z
(l)
n = yn (n = 1, 2), θS = θP . In
addition, the loop integrals are given by [32–34]:
I
(1,2)
S(P ) (mE ,m) =∫ 1
0
x2
(
1− x± mEme,µ
)
dx
m2e,µx
2 +
(
m2E −m2e,µ
)
x+m2 (1− x) ,
J
(
mµ11,22
me,µ
,
mµ11,22
mχ±2
)
=
∫ 1
0
dx
P+
(
x,
mµ11,22
me,µ
)
+ P−
(
x,
mµ11,22
me,µ
)
(
mµ11,22
m
χ
±
2
)2
(1− x)
[
1−
(
me,µ
mµ11,22
)2
x
]
+ x
(29)
with
P±(x, ) = −x (1− x) (x± ) (30)
Notice that whereas the charged exotic vectorlike lepton
E1 contributes to the electron anomalous magnetic mo-
ment, E2 contributes to the muon anomalous magnetic
moment. This is due to the fact that we are considering
the exotic charged leptons E1 and E2 as well as E3 as
physical fields, thus implying a diagonal SM charged lep-
ton mass matrix, where the SM charged lepton masses
are given by:
mi =
y2i
2
[F (mH1 ,mA1 ,mEi)− F (mH2 ,mA2 ,mEi)] sin 2θ
(31)
being i = 1, 2, 3 and the loop function given by [14]:
F (m1,m2,m3) =
m3
16pi2
[
m21
m21 −m23
ln
(
m21
m23
)
− m
2
2
m22 −m23
ln
(
m22
m23
)]
, (32)
From the previous relations we find that the SM charged
lepton masses [35] and the muon anomalous magnetic
moment can be very well reproduced for the following
benchmark point:
y1 ' 0.43, y2 ' 1.01, y3 ' 3.07, θ = pi
4
,
mE1 ' 5.6× 105TeV, mE2 ' 1.8× 102TeV, (33)
mE3 ' 2.7× 103TeV, mH1 ' 10TeV, mH2 ' 5.2TeV,
mA1 ' 18TeV, mA2 ' 14.5TeV, mχ±2 ' 0.1TeV,
y
(N)
11 ' 1.1, y(N)22 ' 0.7i, |µ11| = |µ22| ' 0.1keV.
Then, for such benchmark point we get the following val-
ues for the muon and electron anomalous magnetic mo-
ments:
∆aµ ' 22.5× 10−10, ∆ae ' −1.6× 10−13 (34)
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This shows that the obtained values for the muon and
electron anomalous magnetic moments are consistent
within the 1σ and 2σ experimentally allowed ranges, re-
spectively, with their corresponding experimental values
[36–39]:
(∆aµ)exp = (26.1± 8)× 10−10,
(∆ae)exp = (−0.88± 0.36)× 10−12. (35)
In conclusion, we have constructed a minimal renormaliz-
able theory that successfully explains the number of SM
fermion generations, the electric charge quantization, the
SM fermion mass hierarchy, the tiny values of the light
active neutrino masses, the lepton and baryon asymme-
try of the Universe, the observed DM relic density as
well as the muon and electron anomalous magnetic mo-
ments. In our model, the top quark, as well as the ex-
otic fermions, obtain tree-level masses, whereas the SM
charged fermions lighter than the top quark get one-loop
level masses. Besides that, the tiny light active neutrino
masses are produced from a one-loop level inverse seesaw
mechanism.
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